Protozoan diseases of the vertebrate central nervous system include protozoan encephalomyelitis in horses',2 and sheep,' plus encephalomyelitis in various species associated with Toxoplasma gondii, Encephalitozoon cuniculi, and trypanosomes.* Many myxosporean species are reported in the brain of various fish species. The presence of parasites specifically located within axons, however, is relatively rare; we can find only one previous report, that of a protozoan in the spinal cord of the toad Bufo arenarum (Hensel)." This case report describes the presence of parasites, identified as pre-sporogonic stages of Myxosporea, within myelinated axons in the spinal cord and brainstem of the common shiner (Notropis cornutus, Mitchill).
The fish were caught with a seine net in the Humber River, Toronto, Ontario in May, 1983. They were held at a temperature of approximately 20°C in aerated dechlorinated tap water recycled through a biological filter. The fish were intended for toxicological trials, but they started dying in small numbers during the acclimation period.
Gross lesions comprised a diffuse dermal pallor that extended from the dorsal fin towards the tail. Skin scrapings of affected areas revealed the presence of large numbers of long filamentous gram-negative bacteria. Affected as well as unaffected fish were sampled for light microscopy and ultrastructural examination. Fish were killed by an overdose of anesthetic and fixed in one of two ways. Fish for light microscopy were fixed in Bouin's, routinely processed to paraffin sections, and stained with hematoxylin and eosin (HE). Spinal columns of fish used for ultrastructural examination were removed, fixed overnight at 4°C in 2.5% glutaraldehyde in a cacodylate buffer with 1 % sucrose (total osmolality 320 mOsm), postfixed in 1 % osmium tetroxide in a phosphate buffer, and then dehydrated in graded ethanol for embedding in resin. Thin sections were examined in an electron microscope at 80 Kv.
The fish with dermal pallor had a severe focally extensive subacute necrotic dermatitis associated with the presence of large numbers of filamentous bacteria. These had caused spongiform degeneration of the epidermis, erosion and epidermal sloughing over a large area with subsequent loss of osmotic integrity, and edema of the underlying muscle. The lesions and bacterial morphology were consistent with a diagnosis of columnaris disease caused by Flexibacter columnaris. In addition, affected and clinically normal fish had numerous other parasites. These included moderate numbers of metacercariae of digenetic trematodes encysted largely in a cranial submeningeal location but also within the mesentery. Multifocal accumulations of round to ovoid, roughly 12 to 15 pm diameter refractile bodies, each with two polar capsules and typical of Myxosporean spores ( fig. 1 ) were found within the muscle of the body wall. Significantly, these spores were also observed within the space between dura and arachnoid mater of the cord and brain, and even within spinal ganglia. In the latter location, they were often accompanied by a moderate mononuclear inflammatory response which included melanomacrophages. These parasites were identified as Myxobolus sp. The mesentery contained massive numbers of coccidial-like sporulated occysts-each was roughly 12 p m in diameter, had a refractile wall and contained four sporocysts each with two sporozoites ( fig. 2 ). These were identified as an Eimeria sp. There was only a mild macrophage and lymphocyte inflammatory response associated with these parasites despite the almost total obliteration of the pancreas.
Of most interest, however, was the presence within brainstem and throughout the spinal cord of numerous discrete round aggregations of ovoid blue to purple bodies ( fig. 3 ). These aggregations varied in size depending on the number of bodies present-from three or four up to roughly 50 in the plane of section. No inflammatory response was evident.
Although the exact location of these aggregations was unclear in paraffin sections, in I-pm sections of plastic embedded material that had been stained with toluidine blue and examined by light microscopy, it became obvious that they were present within myelinated axons.
Ultrastructurally, greatly distended axons contained a large primary cell which itself contained numerous smaller secondary cells (fig. 4 ). The myelin sheath was thinner than adjacent unaffected axons but it seemed intact. Similarly, although most of the axon was occupied by these foreign cells, a thin attenuated rim of axoplasm was still present beneath the myelin, surrounding them. The cytoplasm of the primary cell contained numerous mitochondria, large electron dense, homogeneous, ovoid, fat or lipoprotein bodies, numerous glycogen granules, some in rosettes, and a Golgi apparatus with obvious lysosome formation. The secondary cells had a relatively large round to ovoid nucleus with sparse evenly distributed chromatin and a nucleolus. Their cytoplasm contained mitochondria and numerous glycogen granules, often in rosettes.
This intra-axonal parasite appears identical to the previously described organism in the toad." Several questions are pertinent to the present observations, however. Did these intra-axonal parasites interfere with the normal functioning of the spinal cord? Although the axoplasm and myelin sheath were continuous, they were markedly attenuated; this suggests the likelihood that axoplasmic flow, and hence conductivity, would be i m~a i r e d .~ A more detailed study is needed to I96 Brief Communications answer this question. Second, was the columnaris disease related in some way to the cord infection? While this is possible, only a small proportion of the fish population had columnaris disease whereas all 12 fish examined had affected cords, and these latter appeared clinically normal; this suggests that there was no correlation between the two conditions. Third, what is the identity of the intra-axonal parasites? Their ultrastructural features, with primary and secondary cell stages, suggest the developing pre-sporogonic stages of the M y x o~p o r e a .~.~ The identity of the parasites in the toad" was also a matter for speculation and although sporozoa were considered, Myxosporea were not. Although myxosporean infections are common in lower vertebrates, much remains unknown about these parasites, and their sometimes unusual manifestations and locations within the host are only gradually becoming re~ognized.~ While this report has concentrated on the intra-axonal parasite because of its unique location, the mesenteric coccidiosis is also interesting and deserves further investigation. Many Eimeriu sp are seen in fish,(' often in visceral organs, although we find no reports of a similar location in this species of fish. These fish were intended for use in toxicological trials and the present findings serve to dramatically reemphasize the need to use animals with a known health status in any such experimental studies.
